Ion selectivity of colicin E1: modulation by pH and membrane composition.
Colicin E1 is a plasmid-encoded bacteriocidal protein which, though water soluble when secreted by its host bacterium, spontaneously interacts with planar lipid bilayers to form voltage-gated ion channels. In asolectin bilayers, the preference for anions over cations exhibited by these channels at low pH can be reversed by raising the pH on either side of the membrane. When incorporated into membranes composed of either of the two zwitterionic lipids, bacterial phosphatidylethanolamine and diphytanoyl phosphatidylcholine, colicin E1 channels were nearly ideally anion selective in the limit of low pH and moderately cation selective at the high pH limit. In phosphatidylcholine membranes, however, the response of these channels to changes in pH exhibited a pattern of behavior peculiar to this lipid. If the side of the membrane on which the protein had been introduced (the cis side) was exposed to pH 4.0, all the channels in the bilayer, whether opened or closed, became refractory to further changes in pH. This irreversibility has been interpreted as evidence that the selectivity of colicin E1 is under the control of a pH-sensitive conformational change. Protonation of groups on the cis side of the membrane appear to be essential to the conversion to the anion-selective state. These groups are rendered kinetically inaccessible to the aqueous phase when the transition takes place in phosphatidylcholine membranes.